Studies of dark matter models lie at the interface of astrophysics, cosmology, nuclear physics and collider physics. Constraining such models entails the capability to compare their predictions to a wide range of observations. In this review, we present the impact of global constraints to a specific class of models, called dark matter simplified models. These models have been adopted in the context of collider studies to classify the possible signatures due to dark matter production, with a reduced number of free parameters. We classify the models that have been analysed so far and for each of them we review in detail the complementarity of relic density, direct and indirect searches with respect to the LHC searches. We also discuss the capabilities of each type of search to identify regions where individual approaches to dark matter detection are the most relevant to constrain the model parameter space. Finally we provide a critical overview on the validity of the dark matter simplified models and discuss the caveats for the interpretation of the experimental results extracted for these models.
INTRODUCTION
The presence of dark matter, postulated at the beginning of last century [1, 2, 3, 4] (see Refs. [5, 6] for a review), has been nowadays confirmed by several observations in cosmology and astrophysics. Besides precision measurements on its abundance from the cosmic microwave background and large scale structures, which state Ω DM h 2 = 0.1198 ± 0.00015 [7] , there is only gravitational evidence for this dark component while its nature and properties are completely unknown. Baryons can constitute only the 4% of the total energy content of the universe, not enough to explain the entire matter content of the universe (∼ 30%). This fact supports a non-baryonic origin for the dark matter particles, most likely arising in models beyond the Standard Model (SM) of particle physics, as SM neutrinos were relativistic in the early universe. Several theoretically motivated extensions of the SM, such as supersymmetry or universal extra-dimensions, provide dark matter candidates which fall into the category of WIMPs (Weakly Interacting Massive Particles). These particles are usually neutral, stable at least on cosmological scale, and with a mass in the GeV -TeV energy range. In this review we will comply with the WIMP paradigm and use WIMPs and dark matter interchangeably, even though other possibilities exist, see e.g. [8, 9] and the references therein.
With the generic hypothesis that WIMPs interact with the SM particles, a multitude of experimental approaches have been undertaken to detect it. These methods range from dark matter searches in underground detectors [10, 11, 12] via the scattering of WIMPs off nuclei (direct detection), to observations of gamma rays, cosmic rays and neutrinos, produced by dark matter annihilation in astrophysical environments (indirect detection), see e.g. Refs. [13, 14, 15, 16] , and dedicated searches for missing energy signals at colliders, see e.g. [17, 18] (production). Yet, despite the enormous experimental effort, the dark matter detection remains a challenge and our understanding of dark matter properties limited, hence WIMP models can span many orders of magnitude in dark matter masses and interaction strengths. This makes it difficult to efficiently study all possible scenarios and models. It is necessary to find a strategy to combine the maximum amount of available experimental information in the most efficient way to: (i) carve out the dark matter models which are inconsistent with experimental observations; (ii) to highlight the most promising regions for discovery in the model parameter space, in the light of the near future dark matter search program; (iii) to highlight the complementarity among the diverse dark matter search methods. Dark matter simplified models (DMsimps from hereafter) represent a convenient framework where to achieve these objectives, and will be the main focus of the review.
In these past few years, the dark matter program at the LHC has set the trend to follow the avenue of DMsimps [19, 17, 18, 20] , as compared to the Effective Field Theory (EFT) approach or as compared to the study of complete dark matter models.
EFT states that the dark matter is the only accessible particle at our experiment, while all the other states that might characterise the dark sector are kinematically unaccessible. EFT is characterised only by the new physics scale Λ, which makes it easy to compare with direct and indirect detection searches. However the limitations of this approach, at least as far as the LHC searches are concerned [21, 22, 23, 24, 25, 26, 27, 28, 29] , have now been recognised by the theoretical and experimental communities. Basically as soon as the momentum transfer of the process approaches the value of the new physics scale, EFT breaks down and the micro-physics describing the process needs to be taken into account. As far as it concerns dark matter direct detection, the momentum transfer is about a few MeV, hence EFT is a well defined framework that can be used unless the mediator mass is of the order the MeV. Dark matter indirect detection lies in between the two cases described above and will be discussed in details in the paper. Notice that nowadays EFT at the LHC is a useful tool to grasp complementary information for instance for high scale [30] or for strongly interacting [31] dark matter models.
The opposite approach with respect to EFT stands in considering UV (ultraviolet) complete theoretical models, motivated for instance by solving the hierarchy or the little hierarchy problems, such as supersymmetric models. These models have been and still are being extensively investigated in dedicated study programs, by both the theoretical and experimental communities. The complication arising from such models is the large number of free parameters: at present the dark matter data have not enough constraining power (the only measurement so far being the dark matter relic density) to select specific values of these free parameters of the theory space, hence it is common to end up with degeneracies among the parameters. Conversely, complete models usually feature complex dark sectors with interesting correlations among observables that cannot be reproduced by the EFT or simple models.
These simple models, called DMsimps, are constituted by the addition to the SM particle content of a dark matter candidate, stabilised by imposing a Z 2 symmetry, which communicates with at least the SM quarks via one mediator. This minimalistic construction consists in expanding the EFT interaction by introducing the most important state that mediates the interactions of the dark matter (and of the dark sector) with the SM. Simplified models are typically characterised by three or four free parameters: the dark matter mass m DM , the WIMP-SM g DM and mediator-SM g SM couplings (or equivalently the coupling WIMP-SM-mediator y) and the mediator mass m med . So far, they have proven useful to categorise the dark matter searches at the LHC and to set up an easy framework for comparison with direct and indirect searches of dark matter. There are however several caveats emerging from the use of DMsimps in relation with LHC searches and direct/indirect dark matter searches, which are currently driving these models, which might seem purely phenomenological constructions, into more natural bottom-up theoretical models [32] .
The rest of this review is organised as follows. Section 2 provides a general overview on the dark matter searches, ranging from cosmology to collider. Section 3 presents the state of art of current DMsimps, with respect to all the dark matter searches presented in the previous section. A special focus is given to the cosmological and astrophysical constraints, as collider constraints are described in depth in many reviews and recommendation papers (see e.g. Refs. [18, 19, 17, 29, 33, 34, 35] and the references therein). In particular Sec. 3.1 considers s-channel mediator models and distinguishes the case of spin-0, spin-1 and spin-2 bosons, whereas Sec. 3.2 reviews the status of t-channel models. Section 4 discusses the theoretical caveats of DMsimps, while Sec. 5 presents potential avenues for the future. We have tried to present the material in a self-contained form as much as possible, so that the review might serve as an introduction for the beginner and as a reference guide for the practitioner. search, and how these are interpreted in terms of DMsimps. Finally we briefly review the cosmological constraints on dark matter as well as the several astroparticle searches that are currently running. These constraints will be used to assess the complementarity of searches on the DMsimp parameter space in Sec. 3.
Dark matter relic density
In the standard scenario, dark matter is considered a non-relativistic thermal relic in the early universe, which freezes out at x f = T/m DM (with T being the temperature of the thermal bath). Its relic abundance is given roughly by the following approximate solution of the evolution equation (see e.g. Refs. [36, 37] ):
where Ω DM is as usual the ratio between the dark matter energy density and the critical density of the universe, h is the reduced Hubble parameter (h = H 0 /100 km s −1 Mpc −1 , with H 0 being the Hubble constant today), and σv is the thermally averaged annihilation cross section. The interaction of the particles needs to be extremely weak in order to achieve Ω DM h 2 ∼ 0.1: σv ∼ G 2 F m 2 DM ∼ 10 −9 GeV −2 ∼ 3 × 10 −26 cm 3 /s is just right for GeV-TeV particles1 to account for all the relic density (G F is the Fermi constant). This is what is intended with the WIMP paradigm.
The inverse proportionality between Ω DM and the thermal averaged cross section dictates that: (i) the stronger the interaction rate is, the more depleted is the dark matter number density and as a consequence its relic abundance is too low ('under-abundant' dark matter, namely it contributes to Ω DM h 2 by some %); (ii) annihilation processes for WIMPs are less efficient, the dark matter particles freeze out at early time and at present time have a significant abundance that matches Ω DM h 2 ; (iii) the dark matter particles are too feebly interacting, hence they decouple too early and over-close the universe ('over-abundant' dark matter).
If σv varies slowly with energy, it can be expanded in plane waves [36] :
where b = 3/2b . Typically freeze out occurs at x f ∼ 20 − 30 leading to a most probable velocity v 0 of the order of 0.25c: corrections proportional to x −1 are indeed relevant with respect to the a term and need to be taken into account (notice that the back of the envelop estimate in Eq. (1) is valid only for a pure s-wave σv ). Additionally, there might be selection rules at play that make the s-wave term vanishing. This occurs for several DMsimps, as we will discuss in the next section, which end up having p-wave dominated annihilation cross sections.
There are circumstances in which the non-relativistic expansion of σv in Eq. (2) breaks down [40, 41] :
• Resonant annihilation: The annihilation cross section is not a smooth function of the centre-of-massenergy s in the vicinity of an s-channel resonance. For m DM ≤ 2m med the additional kinetic energy provided by the thermal bath brings s on top of the resonance and the annihilation cross section increases drastically. Conversely, for m DM > 2m med the additional kinetic energy brings s even further away from the resonance, hence the annihilation cross section decreases quickly.
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• Opening of new annihilation channels: a fraction of dark matter particles might have a kinetic energy, given by their thermal distribution in the early universe, sufficient to annihilate into heavier particles, which are above the threshold. This again leads to a rapid enhancement of σv .
In these cases it is necessary to rely on the full computation of the thermally averaged cross section without approximations as well as to solve the complete Boltzmann equation to evaluate precisely Ω DM h 2 . This is the standard procedure encoded in the public tools for dark matter (see e.g. micrOMEGAs [42] , DarkSUSY [43] andMadDM [44] , etc.). As we will see in Sec. 3, the model parameter space of DMsimps often features the correct relic density in a tuned-region m DM ∼ 2m med , relying on resonant annihilation, and several threshold openings are at play in setting Ω DM h 2 . This is schematically resumed in Fig. 1 .
The dark matter relic density is the only precision measurement we have so far. As already anticipated in the introduction, it has been measured with great accuracy by the Planck satellite [7] . This measurement, combined with large scale structure data, gives: Ω DM h 2 = 0.1198 ± 0.00015. The experimental error is at the level of ‰, two orders of magnitude smaller than the associated theoretical error, typically quoted around O(10%).
There are a certain number of caveats when considering the relic density as a constraint for DMsimps, which have to be taken into account in the interpretation of the complementarity of searches:
• DMsimps provide an extension of the SM particle content into the most minimalistic dark sector possible, constituted solely by the dark matter and an extra mediator. If the dark/new physics sector contains more particles, two types of processes can alter the relic density value: (i) there are additional mediators, opening up new annihilation channels including resonance effects; (ii) co-annihilation [45] , if there are particles heavier but close in mass with the dark matter mass (∆m (O)(10%)). The region allowed by relic density in the DMsimp set up should be considered then as a subset of the whole allowed model parameter space.
• DMsimps focus particularly on studying and constraining the dark matter-quark couplings, which are accessible at the LHC. However if the dark matter couples to other SM species, additional annihilation diagrams can have a significant impact on the model parameter space allowed by the relic density constraint by opening up new annihilation thresholds. Other couplings, such as dark matter -lepton couplings, start to be considered as well [20] in the context of di-lepton searches. In these cases the interpretation of the allowed relic density regions becomes more robust (cfr. the other caveats).
• The constraint on Ω DM h 2 relies on the assumption that the dark matter is a thermal relic. Even though this hypothesis is attractive as it doesn't depend on the initial conditions in the early universe and set a unique framework to treat SM and dark matter particles, this might not be the case. Other viable assumptions to bring Ω DM h 2 to the observed value, are for instance: (i) the dark matter is non-thermally produced; (ii) the cosmological evolution of our universe is rather different than the one described by the Standard Cosmological model. For example, late-time entropy injection [46] can decrease the dark matter relic density, while late gravitino decays in supersymmetric theories can increase the neutralino relic abundance [47] .
In Sec. 3, we will discuss the combination of dark matter searches in full generality, with and without considering the relic density as relevant constraint. Notice that all caveats described above spoil the model-independent approach of DMsimps, as they rely on the specificity of the dark matter model.
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As the dark matter particles move in the Milky Way halo, it is worthwhile to explore the possibility to detect them. This can be done directly in underground terrestrial detectors, sensitive to the nuclear recoil caused by the passing wind of dark matter particles. From a theoretical point of view, in direct detection, the crucial quantity is the scattering cross section of dark matter particles off a nucleon, in a deeply non-relativistic regime. Indeed the momentum transfer in the collision is of the order of a few to tens of MeV, as the speed of the incoming WIMP is of the order of v ∼ 10 −3 c. As a consequence, direct detection can be safely treated in term of EFT2, except when the mediator mass connecting the dark matter and the SM quarks becomes of the order of the momentum transfer (m 2 med ∼ q 2 ∼ (O)(10MeV)), as resumed in Fig. 1 .
It has been shown that the scattering process between the dark and ordinary matter can be expressed in terms of a limited number of relativistic degrees of freedom, which give rise to a basis of non-relativistic operators. As a matter of fact, any process of elastic scattering between the dark matter and the nucleon can be expressed as a combination of this basis in a unique way, irrespective of the details of the high-energy dark matter model. This basis is constituted by 12 operators, here we report the most relevant for the discussion of Sec. 3 using the notation of [48] :
Starting from the DMsimp Lagrangian, which describes the interaction of the dark matter with the quarks, it is necessary first to determine the dark matter-nucleon effective Lagrangian. Secondly, the elastic scattering occurs with the whole nucleus, due to the small WIMP speed in the galactic halo. Therefore, one needs to properly take into account the composite structure of the nucleus which results in the appearance of nuclear form factors in the cross section. Nuclear form factors parametrise the loss of coherence in the scattering with increasing exchanged momentum. In Tab. 1, we provide the list of non-relativistic operators relevant for the DMsimps presented in Sec. 3 and their matching with the matrix element involving the whole nucleus. We refer to Refs. [49, 50, 48, 29] for the rigorous definition of the non-relativistic operator basis and for the detailed direct detection analyses.3
Concerning the experimental state of art for direct detection, a huge experimental effort has been deployed in the past years, that features nowadays more than 10 different experiments currently running towards unprecedented sensitivities. Several orders of magnitude in the WIMP-nucleus elastic interaction have been constrained by past and current experiments. As far as it concerns spin-independent elastic scattering, which occurs when the dark matter interacts with all the nucleons (it is proportional to the atomic number of the nucleus, A 2 ), the most notable experiments are XENON1T [11] , LUX [10] and PANDAX-II [52] for intermediate WIMP masses, CDMSLite [53] and CRESST-II [54] at low WIMP masses. XENON1T excludes at 90% confidence level (CL) WIMP-nucleon cross sections of about 8 × 10 −47 cm 2 for dark matter masses of 30 GeV. The usual spin-independent scattering cross section corresponds to the operator O NR 1 of Tab 1. If present in the underlying particle physics model, this operator dominates over all other non-relativistic operators. Spin-dependent scattering occurs when the dark matter interacts with the spin of the unpaired proton or neutron of the nucleus. PICO 60 [12] detains the most constraining bound for Table 1 . List of direct detection EFT operators WIMP-nuclei for fermionic and scalar dark matter arising from the DMsimp high-energy interaction Lagrangians discussed in the paper. We provide the matching between these EFT operators and the non-relativistic (NR) operators in the third column. The WIMP-parton coefficients and the transformations from parton level to nuclear EFT operators can be found in e.g. [51] . The dark matter particle is denoted by X if fermionic and by Φ if scalar, while the nucleus is denoted by N and has a mass m N . For both Majorana fermions and real scalars the vector operators vanish, reducing the list of relevant relativistic operators.
Dark Matter candidate
EFT operator Matching
spin-dependent scattering on proton so far. Only a few experiments are sensitive to the spin-dependent interaction on neutron (mostly dual phase xenon or nobel liquid/gas detectors) and the strongest exclusion bound is held by the LUX [55] experiment. The spin-dependent operator currently considered by the experimental collaborations is O NR 4 . Exclusion limits for the other operators are provided in [48] , even thought at present these exclusion bounds are a bit outdated. On the experimental side, the XENON collaboration has started to use the non-relativistic operator description and has released exclusion limits based on the XENON100 data [56] . Direct detection is affected by several astrophysical uncertainties related for instance to the description of the dark matter velocity distribution at the Sun position and to the local dark matter density. There are two different approaches to deal with these uncertainties: either perform a likelihood analysis and marginalise or profile over them, see e.g. [57, 58, 59, 60] , either use the so-called halo-independent method, see e.g. [61, 62, 51] . In most of the analyses described in Sec. 3, astrophysical uncertainties are not taken into account, hence we will not consider this matter any further.
Dark matter indirect detection
Dark matter indirect detection relies on the principle that dark matter particles in galactic halos annihilate into SM particles. These SM particles subsequently undergo decays, showering and hadronisation and lead to a continuum flux of cosmic rays, gamma rays and neutrinos. In the case where the dark matter annihilates via loop-induced processes into a pair of photons or a photon and a boson, the signal is characterised by a sharp spectral feature such as a gamma-ray line. Dark matter annihilation takes place in several astrophysical environments and at different epochs in the evolution of the universe, from cosmological down to solar system scales. As dark matter indirect detection encompasses a large variety of searches, in this review we describe only the searches that have been directly used as complementary probes together with LHC dark matter searches and/or direct detection to constrain DMsimps. Those involve mainly gamma rays, neutrinos and anti-protons at galactic scales. For a detailed review on dark matter indirect detection we refer the reader to e.g. [63, 64, 65] .
Before going into the details of the specific searches and theoretical predictions, let us mention two generic features concerning the flux of particles produced by dark matter annihilation. This quantity is proportional to 1. σv 0 . This is defined as the velocity averaged annihilation cross section computed at present time.
Annihilation in galactic halos occurs in a highly non-relativistic regime with an centre-of-massenergy provided by √ s = 2m DM as the typical mean velocities characterising the dark matter halo are negligible. For instance in the Milky Way the most probable velocity of dark matter particles is v 0 ∼ 10 −3 c ∼ 230 km/s [66] , while it is even lower in dwarf Spheroidal galaxies (dSphs), v 0 ∼ 10 −5 c ∼ 8 km/s [67] , hence in indirect searches the non-relativistic expansion of σv 0 in plane waves is a fairly good approximation. The dominant term that is in the reach of current astrophysical probe is the s-wave: σv 0 a. If this term is absent due to some selection rule, the model is most likely unconstrained from indirect detection. Notice that the EFT approach remains valid and can be used for m DM m med . This is summarised in Fig. 1 .
This is defined as the energy spectrum of the particle species f (with f = γ, ν l , e + ,p, and l is the neutrino flavour, l = e, µ, τ) at production where annihilation occurred. The index i runs over all possible annihilation final states of the dark matter model, each of them with a branching ratio B i . The final states are typically SM pairs of particles, however new particles beyond the SM can appear as well, which will subsequently decay into SM particles. We will see in Sec. 3 that this option is realised in several DMsimps.
Typically the experimental searches present the limits in a model-independent way, supposing a branching ratio of 100% into one species of SM particles and assuming that Ω DM h 2 matches the observed value. To compare a specific dark matter model with the experimental exclusion limits, the most rigorous procedure is to recompute the upper bound for that particular model by means of the experimental likelihoods. If this is not possible, one can combine the experimental exclusion bounds after having rescaled them by the appropriate branching ratio. This procedure should be a good approximation provided the energy spectrum of the specific model does not differ too much from the energy spectrum for which each respective upper bound has been computed. The micrOMEGAs and DarkSUSY numerical tools rely on tabulated energy spectra for all possible SM final states and for dark matter masses ranging from 5 GeV to 100 TeV. The MadDM tool [44] allows to generate the energy spectrum in both model-independent and model-dependent ways for any possible dark matter mass.
Similarly to direct detection, indirect detection is affected by astrophysical uncertainties related to the dark matter density distribution in galactic halos, by the propagation parameters for cosmic rays, etc. Whenever relevant, we will discuss the comparison between different dark matter searches and the indirect detection limits based on different assumptions on the astrophysics.
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Gamma-ray searches
The gamma-ray flux from dark matter annihilation from a direction ψ in the sky, averaged over an opening angle ∆ψ, is given by:
For dark matter particles with distinct particle and antiparticle Eq. (4) is multiplied by an additional factor of 1/2. The two integrals, over the angle and the line of sight (los), define the astrophysical J factor
The J factor encodes the information about the astrophysical environment (experimental window) where annihilation occurs (is sought) and the dark matter density profile.
The most robust gamma-ray constraints at present stem from dSphs, which are dark matter dominated objects [68, 69, 70, 71] . The Fermi-LAT satellite looks for a gamma-ray emission from these Milky Way satellite galaxies, and so far, no excess in gamma rays has been observed. 4 Hence the Fermi-LAT collaboration has set upper bounds at 95% CL on the continuum prompt photon flux produced by dark matter annihilation [13, 75] . From these bounds, it has publicly released upper limits for the annihilation rate into bb and τ + τ − final states as a function of the dark matter mass. The bb channel is an example of 'soft' channel that produces photons mostly from the decay of neutral pions produced in hadronisation, while the τ + τ − is a 'hard' channel that generates photons from final state radiation, scaling as E −1 , on top of the photons coming from π 0 decays. The Fermi-LAT team has performed a stacked likelihood analysis for 45 dSphs with high-confidence evaluation of the J factors (to reduce the astrophysical uncertainties). The resulting profile function for each dSph has been released publicly and can be used to compare for instance DMsimps with dSphs data from the 6 years Fermi-LAT data (Pass 8 event reconstruction algorithm) [76] . These likelihood functions have been implemented in the last MadDM version, see [44] for details, and can be used for any generic dark matter model. In addition to the prompt photon flux, there are also contribution from inverse Compton scattering or synchrotron radiation generated by charged propagating particles. These are often neglected while computing the exclusion limits on the dark matter annihilation rate, however could have an impact for m DM ≥ 100 GeV. Hence the exclusion bounds for large dark matter masses should be regarded as conservative.
Another search, used in the complementarity framework of DMsimps, looks for gamma-ray spectral features towards the Galactic Centre. These spectral features encompass gamma-ray lines, narrow boxes (see e.g. [77] ) and sharp edges in the prompt photon energy spectrum coming for instance from internal bremsstrahlung processes (see e.g. [78, 79] ). The most constraining exclusion limits on the dark matter annihilation rate into gamma-ray lines are provided by the Fermi-LAT satellite [80] for m DM < 500 GeV and the HESS telescope for dark matter masses up to 25 TeV [81, 82] . These searches suffer of large astrophysical uncertainties related to the dark matter density profile, included in the J factor, and to the background modeling of the Galactic Centre. 5
Neutrino searches
If dark matter particles scatter in heavy astrophysical bodies such as the Sun, they can lose enough energy to become gravitationally trapped inside it. Dark matter particles start to accumulate in the center of these celestial bodies, where subsequently dark matter annihilation sets in (see e.g. [83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94] ). In the Sun, constituted primarily by hydrogen, the dark matter capture occurs mainly by spin-dependent elastic scattering (even thought the spin-independent scattering on nucleons, σ SI n , can also play a role, as it is enhanced by the A 2 term for heavy nuclei [91] ). The Sun is opaque to all dark matter annihilation products but neutrinos, which can escape the Sun surface and be detected by Earth based telescopes such as IceCube and Super-Kamiokande [95] . The annihilation rate can become large enough to lead to an equilibrium between dark matter capture and annihilation. In this case σv 0 and the elastic cross section on proton, σ SD p , become two related quantities that can be trade one for the other. This assumption is used for computing experimentally the exclusion bounds on the WIMP-nucleon elastic cross section. The IceCube collaboration has set stringent upper limits, competitive with those of direct detection searches for spin-dependent scattering [96, 16] , by the non observation of GeV-TeV scale neutrinos coming from the Sun direction. The exclusion bounds publicly released, at 90% CL, are based on IceCube data with 79 strings including DeepCore and are given for the following final states, 'hard' channels (W + W − , τ + τ − , Z Z, νν) and 'soft' channels (bb, tt, gg and hh).
The equilibrium assumption helps in the interpretation and comparison of dark matter exclusion limits coming from direct and indirect detection in terms of WIMP-quark coupling; this is particularly appreciable for DMsimp models, which often do include only these couplings. There is however an emergent caveat: direct detection experiments have pushed the upper bound on the spin-independent and spin-dependent cross-section to lower and lower values for which the equilibrium assumption starts to break down [97] . Depending then on the size of σv 0 and σ SI,SD n , the useful representation of exclusion bounds in terms of elastic scattering might not provide anymore a correct physical interpretation.
Anti-proton searches
Searches for dark matter annihilation products in local charged cosmic-ray fluxes can be highly sensitive, especially due to the low backgrounds for antimatter produced by astrophysical processes. A major challenge for these searches is the identification of the locations of the sources of cosmic rays due to their propagation throughout the Milky Way, conversely to the case of gamma rays and neutrinos, which do not diffuse and trace their source. Anti-protons have been recognised as important messengers not only for cosmic ray physics but constitute one of the primary channels in the dark matter searches [98, 99] . This idea has been further reinforced by the data released recently by the AMS 02 satellite [14] , which have an amazing statistical precision and extend up to 450 GeV. The authors of [100] and [101] have provided an analysis of these data in terms of exclusion limits for the dark matter velocity averaged annihilation cross section as a function of m DM at 95% CL for the bb, gg, qq, tt, µ + µ − , W + W − , hh and γγ final states. These bounds (especially bb) are used to assess the constraining power of anti-proton searches for DMsimps in some of the analyses presented in Sec. 3.
The exclusion limits on the dark matter annihilation rate from anti-protons suffer of very large astrophysical uncertainties. The exclusion limits can fluctuate upwards or downwards by one order of magnitude at low dark matter masses, mainly because of uncertainties in the propagation parameters in our galaxy and of solar modulation. The choice of the dark matter density profile is not the main cause of the lack of precision. For details we refer to [100, 63, 101] and the references therein.
LHC dark matter searches
In this section we summarise very briefly the main dark matter searches pursued by the LHC experimental collaborations. For a detailed information, we refer the reader to e.g. [17, 29, 20, 34, 35] and the references therein.
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During the LHC Run 2, ATLAS and CMS have gone the avenue of dark matter simplified models to classify and categorise all possible final states arising in the dark matter search program. This method has been validated by the Dark Matter forum [17] and further supported by the LHC Dark Matter Working Group, established as the successor of the Dark Matter Forum.6
The main bulk of dark matter searches at colliders is constituted by signatures with missing transverse energy ( / E T ) in the final state, due to the pair-produced dark matter particles which elusively leave the detector with no trace. Namely the mediator, produced by Drell-Yan or gluon fusion, decays invisibly into a pair of dark matter particles. The apparent imbalance of energy is compensated by an energetic jet, photon, etc, coming from typically initial state radiation. These are the most relevant searches for DMsimps undertook so far by the ATLAS and CMS collaborations and are called mono-X + / E T searches, where X stems for a jet, a photon, a vector boson, a Higgs, and multi-jets (from 2 to 6 jets) + / E T . All these searches require 2m DM << m med and possible that the mediator has a large branching ratio into dark matter and SM particles (large g DM and especially large g SM ). Once these conditions are met, the searches are not very sensitive to the actual mass of the dark matter particle. This is the reason why LHC searches are more sensitive to very light dark matter masses, close the O(1) GeV with respect to direct detection searches [18] . Additionally to mono-X + / E T searches, a certain number of DMsimps can be constrained by recasting searches in supersymmetric simplified models or by tt + / E T searches.
Both the experimental and theoretical communities have recognised that resonance searches for the mediator can be as powerful as the / E T signals in DMsimps, or in some case be even more constraining, see e.g. [102, 20] . These searches are based on the principle that, after its production by proton collisions, the mediator does not necessarily decay into dark matter particles but can decay back into SM final states. This is always the case for m med < 2m DM , as the invisible decay channel is closed; it is also satisfied for g SM > g DM , condition that leads to a small branching ratio into dark matter particles and a large branching ratio into visible SM species. Besides the two requirements above these searches as well are not very sensitive to the dark matter exact mass value. In general the most relevant resonance searches, depending on the specific of the DMsimp, are tt, 4 tops, di-photons, di-leptons and di-jets. The sensitivity of each search depends on the specificity of the DMsimp under investigation. For instance, di-jet signals are irrelevant for scalar mediators, while tt pair production and di-photons reveal very useful [102] . Conversely spin-1 mediators are easily probed via di-jets and mono-X signatures [103, 104] .
Notice that the discovery of an anomalous signals in a mono-X + / E T search at the LHC would not imply the discovery of dark matter, contrary to the case of direct and indirect detection searches. Hence a potential discovery at colliders needs to be supported by further evidence in direct or indirect searches, in order to fully identify the dark matter candidate. On the other hand, in case of new findings, LHC is able to provide an accurate characterisation of the new mediator particle, while direct and indirect detection are more loosely sensitive to it.
CURRENT STATUS OF DARK MATTER SIMPLIFIED MODELS
Since the start of the LHC Run 2 and the publication of the DM forum recommendations [17] , the number of works studying DMsimps has increased exponentially. DMsimps have been adopted for their minimalistic structure to provide the SM with a dark matter particle, in the sense that they represent the minimal extension of the EFT approach used in the LHC Run 1 dark matter searches. The EFT
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Constraining dark matter simplified models operators are opened up by introducing a particle mediating the interaction between the dark matter and the SM particles (the so-called mediator). They are simple enough to allow the LHC experimental collaborations to categorise all possible dark matter signals they can give rise to. A general classification stems from the class of vertices that characterise the model: Lagrangians featuring WIMP-WIMP-mediator and SM-SM-mediator type interactions identify models with an s-channel mediator, while Lagrangians characterised by WIMP-SM-mediator interactions define a t-channel mediator. In s-channel models, the mediator is always a colour singlet, while in t-channel models it can be either a coloured particle or a colour singlet (even though this second possibility, is less appealing for the collider phenomenology). Nonetheless, the definition of DMsimp is not unique, especially as far as it concerns the mediator nature. Some works consider Higgs portal models as part of the DMsimp category (see e.g. [19, 29] ), while others do not include the SM Higgs boson in this context [17, 18] . For the rest of the section we will use the definition of DMsimp as provided in [17, 18] :
• There can be only one new mediator at a time that defines the interaction between the dark matter and the SM quarks. Namely the dark matter and the mediator are the only particle accessible by current experiments. The presence of additional new particles in the dark sector is assumed not to modify sensibly the physics described by DMsimps. This assumption allows to introduce a very limited set of new free parameters (typically four). The mediator can have spin-0, spin-1/2, spin-1 and spin-2. The category of scalar mediators, however, does not include the Higgs boson (and no mixing with it is considered). We will comment on Higgs portal models in Sec. 4.
• The new interaction should not violate the exact and approximate accidental global symmetries of the SM. For instance this means that baryon and lepton number conservation of the SM should be preserved by this interaction. Additionally, the new mediating particle can produce large flavour violating effects. By enforcing that the flavour structure of the couplings between the dark matter and the ordinary particles follow the same structure as in the SM, it is ensured that DMsimps do not violate flavour constraints. This assumption is called Minimal Flavour Violation (MFV) [105] , for a detailed discussion see e.g. [19] .
• Another recommendation concerns the nature of the dark matter particle. It is suggested to consider Dirac fermionic candidates only, because LHC searches are rather insensitive to the spin of the dark matter particles. As the / E T searches are based on cut-and-count analyses, minor changes in the kinematic distributions of the visible particle are expected to have little effect on these analyses, besides the fact the Majorana particles forbid some processes allowed for Dirac particles. However, whenever possible, we will review cases that go beyond the Dirac fermionic dark matter assumption, as the dark matter annihilation and elastic scattering cross sections do depend on the dark matter spin. Different selection rules are at play depending whether the dark matter is a real scalar, a complex scalar, a Dirac or Majorana fermion, leading to suppressions or enhancements of direct or indirect detection signals. These selection rules change drastically the complementarity picture of dark matter searches and need to be considered and investigated further. Table 2 provides a summary of the sensitivity of each dark matter search as a function of the DMsimp and of the spin of the dark matter particle, considered in this review. Table 2 . Schematic summary of the complementarity of dark matter searches for the DMsimps, taking into account the spins and nature of both mediator and dark matter particles. In the table, S = scalar, P = pseudo-scalar, V = vector, A = axial-vector, F = fermion, D = Dirac, M = Majorana, DM = dark matter, Y = mediator, DD = direct detection, SI = spin-independent, SD = spin-dependent, ID = indirect detection. OK means that the corresponding signal is in the reach of current and near future experiments, while NO means that the predictions are far below the experimental sensitivities, and NA means that there are no actual studies to assess the experimental reach, to the best of our knowledge. The analytic expressions for the annihilation and scattering cross sections can be found e.g. [29, 20, 106] . For each DMsimp, the minimal model is considered, which entitles only couplings between the mediator and the SM quarks, as described in Sec. 3 of this review. The only exception is the spin-2 model, where the mediator communicates with all SM fields. . DMsimps for s-channel mediators include three different choices for the spin of the WIMP (Dirac fermion, real scalar and complex scalar for spin-0 and spin-1 mediators, and real scalar, Dirac fermion and vector dark matter for spin-2 mediators). Typically, the numerical tools used to compute the dark matter relic density and astrophysical constraints are micrOMEGAs [42] and MadDM [44] . In the MadGraph_aMC@NLO platform [109, 110], one-loop and NLO (next-to-leading order) computations in QCD and EW interactions can be automatically performed in models beyond the SM. This framework allows to compute accurate and precise predictions for production cross sections and distributions of dark matter particles produced at the LHC in association for instance with a mono-jet, mono-photon, mono-Z or mono-Higgs (see e.g. [111, 112, 102, 113] ). It is known that higher order QCD corrections impact not only the production rate but also the shape of the distributions. Most of s-channel DMsimps do include NLO corrections to the matrix elements and parton shower matching and merging. Indeed these higher order terms pertain only to the initial state and originate only from SM processes, hence they can be factorised with respect to the leading order (LO) process accounting for the production of the uncoloured mediator and dark matter particles. Conversely the implementation of NLO corrections into t-channel DMsimp is much more involved, due to the coloured nature of the mediator, which do not allow anymore to factorise initial and final state corrections. Typically t-channel DMsimps are LO models, unless stated otherwise. The NLO DMsimps (implemented with NloCT [114]) are also available at the DMsimp framework webpage [108] . As far as it concerns the DMsimp predictions for relic density, direct and indirect detection, NLO corrections are typically not considered. The automatisation of loop-induced, one-loop and NLO processes is currently under development in a future release of MadDM, which is now a MadGraph_aMC@NLO plugin and hence inherits all its features, including the capabilities of automatically generate the above-mentioned processes for dark matter observables.
As the literature about DMsimps is vast, we consider and discuss only a few selected representative papers, whereas we try to be as exhaustive as possible with the references. In the following sections we provide the interaction Lagrangian for DMsimps we consider and the relevant details for the analyses we review. We take into consideration in general only mediator-quark couplings; couplings to leptons or other SM particles are switched on whenever relevant.
s-channel mediator models
Spin-0 mediator
The material presented in this section is based on these selected reference papers [102, 115, 116] , as they nicely exemplify the main features of scalar and pseudo-scalar mediators in the s-channel by performing comprehensive studies of the model, including astrophysical and cosmological dark matter searches.
We focus on the case of Dirac dark matter (X), with spin-0 mediator (Y 0 ) coupling to the matter fields of the SM (the dependence on the dark matter spin is briefly summarised in Tab. 2). The interaction Lagrangians is defined as:
and
where d and u denote down-and up-type quarks, respectively, (i, j=1,2,3) are flavour indices, g
S/P
DM are the scalar/pseudo-scalar WIMP-Y 0 couplings. Following the prescriptions of MFV, the couplings of the mediator to the SM particles are proportional to the particle masses and normalised to the SM Yukawa couplings, y f ii = √ 2m f /v and v being the Higgs vacuum expectation value, and all flavour off-diagonal couplings are set to zero.
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The pure scalar and pure pseudo-scalar mediator scenarios, which we will review in the rest of the section, are given by setting the parameters in the Lagrangians (5) and (6) to:
respectively. With the simplification of a single universal coupling for the SM-Y 0 interactions, the model has only four independent parameters, i.e. two couplings and two masses:
The MFV assumption implies that we can even further neglect the contributions of all quarks but the top-quark in the model, as it has the largest Yukawa coupling. This is certainly an optimal approximation for LHC studies, while dark matter searches are sensitive to all quark flavours. The assumption however that
u 33 provides a good description of the phenomenology of the model, as the inclusion of all other quark flavours has the effect of globally decreasing the value of g SM needed to achieve the same cross section.
The Lagrangians of Eqs. (5) and (6) induce dimension-five couplings of the mediator to gluons and photons via top-quark loop diagrams. These loop-induced operators are relevant for both astrophysical and collider searches for dark matter. For a scalar Y 0 , the couplings of the mediator to gluons and photons are given, at the leading order, by the effective operators:
with the effective couplings being
where Q 2 denotes the virtuality of the s-channel resonance, while F S is the one-loop form factor
Similar expressions can be retrieved for the pseudo-scalar case, see e.g. [115, 97] . Because of the hierarchy between the strong and the electromagnetic couplings (α 2 s /α 2 e ∼ 100), the Y 0 partial width into a pair of gluons is always larger than the one into a pair of photons. The expressions for tree level and loop-induced partial widths are provided in Ref. [102] .
Let us first discuss the case of pure scalar Y 0 and summarise briefly all the relevant LHC and dark matter searches to constrain its parameter space:
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• LHC / E T searches. As this DMsimp features Yukawa-type couplings, the most relevant tree-level process at the LHC is dark matter pair production associated with a top-quark pair [117] . Similarly to Higgs production, at one loop, gluon fusion gives rise to / E T + jet signatures [118], mono-Z [119] and mono-h [120], which are phenomenologically relevant.
• LHC mediator searches. The mediator is produced in association with top-quark pairs [121] , or via the loop-induced gluon fusion process. These searches are relevant for mediators produced on-shell, or close to on-shell, which decay back into top pairs if kinematically allowed, or a pair of jets [122] or photons [123] . For the heavy mediator case, the four-top final state [124] can be also relevant.
• Relic density. The dark matter achieves the correct relic density in three separated regions. If m DM > m med the relic density is set by the t-channel annihilation into a pair of mediators. Above the top threshold, resonant annihilation into top-quark pairs is efficient enough to lead to the correct value for Ω DM h 2 . For m DM < m t the resonant annihilation into a pairs of gluon leads to the correct relic density for a very fine tuned part of the parameter space. This is due to the very small decay width into gluons.
• Indirect detection. All annihilation processes are p-wave suppressed, hence all fluxes of gamma rays, cosmic rays and neutrinos produced by this model are well below the present and future reach of indirect detection probes.
• Direct detection. The interaction Lagrangians in Eqs. (5) and (6), after some manipulations to express it in terms of nucleus instead of nucleons, reduces to the operatorX XN N. This is equivalent to the O NR 1 operator (see Tab. 1), which corresponds to the usual spin-independent interaction. The scalar DMsimp is hence highly constrained by the XENON1T and LUX experimental upper bounds. Figure 4 illustrates the mono-jet + / E T constraints on fixed slices of the model parameter space (red regions). It is clear that mono-jets + / E T searches constrain the model parameter space for large values of the Y 0 -SM coupling, g SM ≥ 3.5. The same couplings contribute to the direct detection signal, σ SI n ∝ g 2 SM g 2 DM /m 4 med , and lead to large elastic scattering cross sections, already excluded by LUX (blue solid line). Also shown is the EFT limit, which sets in for heavy mediators. Notice that mono-jets (and mono-X) + / E T searches are sensitive to the region m med > 2m DM , where typically the dark matter over-closes the universe, if considered as a pure thermal relic. Figure 5, panel (A) , illustrates the reach of the tt + / E T search at 8 TeV, where NLO simulations, that reduce the theoretical errors, are used. Similarly to the case of mono-jets + / E T , the mediator should be heavier than twice the dark matter mass, in order to be able to decay into invisible states; and the constraints are sensitive to large g SM couplings. In panel (B) we show the behaviour of the relic density calculation for a 2D scan over the mass parameters and couplings fixed at 1 (this is one of the benchmark point recommended by the LHC DM working group [18] ). The black line represents the values of masses that achieve the correct Ω DM h 2 , the blue region denotes under-abundant dark matter (mostly leaving in the region m DM > m med and dominated by the t-channel annihilation into mediator pairs), while the grey region stands for over-abundant dark matter (mostly covering the region m med > 2m DM , where / E T searches are relevant). Figure 6 illustrates a comprehensive parameter space sampling of the model, with the assumption that the dark matter is a thermal relic and constitutes 100% of the matter content of the universe. Couplings are freely varied in between 10 −4 and π. The relic density measurement rules out completely the region sensitive to / E T searches, while direct detection disfavours at 90% CL regions with a light mediator for a wide range of m DM . Resonance searches are relevant and constrain the region m DM > m t . Di-photons are sensitive to the parameter space m med < 2m t , while the tt and 4 top searches are sensitive to m med > 2m t . A summary of the search sensitivities is provided in Tab. 2.
Moving on to the pure pseudo-scalar case [116], the relevant LHC and dark matter searches are:
• LHC / E T searches. These are the same as for the scalar case.
• LHC mediator searches. These are the same as for the scalar case. By switching on the couplings to leptons, an additional relevant search is the production via gluon fusion or in association with a pair of bottom-quarks, of the mediator decaying into a pair of τ leptons (A → τ + τ − ) [125] . This holds for a scalar Y 0 as well.
• Indirect detection. The annihilation channels with Y 0 exchanged in the s-channel are s-wave dominated (i.e. XX → gg, tt), hence the pseudo-scalar mediator model can be constrained by gamma-ray and cosmic-ray searches.
• Direct detection. Direct detection is not sensitive to pseudo-scalar mediators. This can be understood by looking at Tab. 1: the high-energy Lagrangians of the pure pseudo-scalar case are mapped into O N R
6
. This non-relativistic operator is suppressed by the momentum transfer to the fourth power, hence the
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Constraining dark matter simplified models [44] . The reader can identify g q = g SM with respect to the convention used in the review. current direct detection experiments are insensitive to it, unless the mediator is of the order of the MeV [126] .
The result of the analysis are illustrated in Fig. 7 from [116] . Panel (A) shows all astrophysical and cosmological constraints for the dark matter: Fermi-LAT exclusion limits from dSphs are more stringent than both anti-proton bounds (as well as more robust in terms of astrophysical uncertainties) and gamma-ray line searches. Panel (B) shows the most stringent dark matter constraints combined with the LHC searches. A thermal relic scenario lives in the narrow band in between the black and the red solid lines. It is a narrow region because it is dominated by resonant s-channel annihilation, which is fine tuned however occurs in all dark matter models featuring an s-channel mediator. / E T searches probe a region which is already challenged by the Fermi-LAT dSph constraints. On the other hand, di-photons, tt and τ leptons can probe the mediator mass as low as 100 GeV and challenge the left-hand side region where dark matter is a viable thermal relic. The projection for the exclusion bounds coming from the Fermi-LAT satellite after 15 years of operation (red dashed line) shows that these data can basically probe the whole parameter space of the model (everything on the left hand side of the curve is excluded). Notice that additional dark states and mediators can affect the relic density and indirect detection regions. However the changes are supposed to go both in the same directions, hence the region allowed by Planck and Fermi-LAT will remain narrow. LHC bounds for m med < 2m t can change sensibly if additional scalars are introduced, as new decay channels will become available; conversely the constraints for m med > 2m t are robust and will be qualitatively unaltered. Other studies of the spin-0 case are for instance [127, 128, 104, 129] , while details on loop-induced process for mono-jet + MET can be found in Refs. [130, 128, 127, 115, 111] . Leptonic couplings have been introduced in e.g. [20] . Similarly, Y 0 couplings to the SM gauge bosons are discussed in [131] .
Spin-1 mediator
The material discussed in this section is based on these selected Refs. [103, 132, 133, 20] , that exhaustively exemplify the main features of vector and axial-vector mediators in the s-channel and perform comprehensive studies of the model, including astrophysical and cosmological dark matter searches.
The interaction Lagrangian of a spin-1 mediator (Y 1 ) with a Dirac fermion dark matter particle (X) is given by:
and with quarks by: The pure vector and pure axial-vector mediator scenarios are obtained by setting the parameters in the Lagrangians (15) and (16) to
respectively, where we assume quark couplings to the mediator to be flavour universal and set all flavour off-diagonal couplings to zero. Similarly to the case of spin-0 mediator, this model has only four free parameters, defined as in Eq. (28) . The universality assumption of the couplings is also justified by gauge invariance, which sets very tight constraints on the relation among couplings, see e.g. [28] . Even though the Lagrangians presented above do not preserve gauge invariance, the assumption of having different couplings to up-and down-type quarks, as e.g. in [103] , can lead to artificial enhanced cross sections which are not representative of gauge invariant theories.
In this model the couplings to leptons are not considered, hence it can be seen as a lepto-phobic Z model, see e.g. [134] . Leptonic couplings are indeed very tightly constrained by di-lepton resonant searches [135, 136, 137] and can be switched off to allow to have large quark couplings.
Let us first discuss the complementarity of searches for the case of a pure vectorial Z model, hence the dark matter candidate can only be a Dirac fermion [103, 104, 133] .
• LHC / E T searches. ATLAS and CMS searches for jets in association with / E T (due to initial state radiation of a gluon) place strong constraints on this model [118, 138] .
• LHC mediator searches. The di-jet final state is a very important complementary channel, as it has been pointed out in [103] . • Relic density. The dark matter achieves the correct relic density in a small narrow band for fixed couplings. If m DM > m med the relic density is set by the t-channel annihilation into a pair of mediators, which is an s-wave process proportional to g 4 DM . For g DM ∼ 1 this cross section is small and the dark matter is under-abundant. For the benchmark points chosen by the LHC Dark matter working group [20] , the correct relic density is achieved by the exchange in the s-channel of a Y 1 , leading to resonant annihilation into quark pairs, which is also s-wave. Of course, the introduction of leptonic couplings can change this classification.
• Indirect detection. σv 0 receives contributions from the same channels that fix the relic density. For the details on the annihilation cross section we refer to [20] . However in the literature, at the best of our knowledge, there are no results on constraints from Fermi-LAT dSph gamma-ray searches that include the t-channel term.
• Direct detection. The interaction Lagrangians in Eqs. (15) and (16) are equivalent to O NR 1 , see Tab 1. This non-relativistic operator describes the usual spin-independent elastic scattering off nuclei. The vector model is hence highly constrained by the XENON1T and LUX experimental upper bounds.
The leading order relevant diagrams for Y 1 and dark matter production at the LHC and dark matter annihilation/scattering in astroparticle experiments are summarised in Figs. 2 and 3 (the same holds for the pure axial-vector mediator). Fig. 8 , from [103] , shows the complementarity of collider, cosmological and direct detection searches, with fixed couplings g SM = g DM = 1. Basically the whole parameter space of the model is strongly disfavoured by the current limits of direct detection experiments. Di-jets and mono-jets have a rather smaller impact on the model parameter space. Notice however that, contrary to the case of spin-0 mediator, collider searches are sensitive to smaller values of g SM , even of the order of O(0.1). Mono-X searches are more sensitive to the region for which m med > 2m DM , in which the DMsimp features over-abundant dark matter. This assumption can be circumvented by invoking for instance dark matter non thermal production or entropy injection. Conversely, di-jet constraints are rather independent of the dark matter mass and cover all dark matter regions. Constraints from Fermi-LAT dSphs have been discussed in [133] : the parameter space of the model is most restricted for m med ∼ 2m DM , because of the enhancement in σv 0 due to the resonance. If the vector mediator is much heavier than the dark matter, the total annihilation cross section drops and the parameter space becomes suddenly less constrained. This can be understood by the fact that annihilation occurs far away from the resonance, hence σv 0 decreases quickly. Moving to the axial-vector case, the dark matter can be either Dirac or Majorana. The most relevant dark matter searches are [103, 132, 104 ]:
Panel (A) of
• LHC / E T searches and mediator searches. These are exactly the same as in the pure vector case described above.
• Relic density. The s-channel process is helicity suppressed if g V DM = 0, namely it is proportional to m 2 q , while the t-channel is s-wave, taken properly into account in the analysis in [20] .
• Indirect detection. In the analyses performed so far there are no bounds from gamma-ray or cosmic-ray searches because the t-channel process has not been properly taken into account. However relevant constraints for the model parameter space arise from the IceCube upper limits on σ SD p , where all annihilation processes contributing to σv 0 have been properly taken into account.
• Direct detection. Spin-independent elastic scattering is superseded by the ordinary spin-dependent elastic scattering (corresponding to O NR 4 in Tab. 1). This operator is less constrained by direct detection experiments with respect to O NR 1 . The most constraining experiment is LUX for σ SD n .
The right panel of Fig. 8 , from [103] , describes the complementarity of collider, cosmological and direct detection searches, with fixed couplings g SM = g DM = 1, for the axial-vector model. The impact of the LUX exclusion limit is rather reduced with respect to the pure vector case. Hence collider bounds have a nice degree of complementarity for this model, disfavouring the majority of the viable parameter space. The The orange region denotes the constraint from di-jets searches. Figures taken from [132] . The reader can identify m χ = m DM and M V = m med , g q = g SM and g χ = g DM with respect to the convention used in the review.
grey region is excluded by the perturbativity bound, obtained by imposing m med > g 4 DM m DM √ 4π, which comes from the requirement that the annihilation cross section remains well-behaved at large dark matter masses. Figure 9 , from [132] , shows the impact of the IceCube bounds on the model parameter space for fixed product of the couplings and for a narrow Y 1 width (panel (A)) and for a large mediator width (panel (B)), as Γ Y 1 ≡ Γ V is taken as a free parameter. In the very narrow width approximation, di-jet constraints are irrelevant, while mono-jet + / E T searches are much less affected by changes in the mediator width. The exclusion bound stemming from LUX does not depend on the mediator width, and remains unchanged in the two cases and constrain the DMsimp parameter space where dark matter is either a thermal relic or under-abundant. The IceCube exclusion limit has a subtle dependence on the mediator width, as the annihilation rate is sensitive to both the s-channel process, which depends on g SM × g DM , and on the t-channel process, which depends only on g DM , for m DM ≥ m med .7 In panel (A), IceCube and LUX probe a complementary region, in which m DM > m med , with respect to LHC searches. LUX constraints are relevant at intermediate dark matter masses, while IceCube lower limits overtake all other constraints at large dark
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Constraining dark matter simplified models matter masses. In case of a large mediator width, the IceCube bound overlaps with the di-jet constraints. From a refined analysis on di-jets in [144] , it has been shown that for m med < 3 TeV and Γ Y 1 > 0.25 m med , the collider constraints disfavour the possibility that the WIMP-quark interactions are responsible for setting the dark matter relic density. A summary of the search sensitivities and their dependency on the dark matter nature is provided in Tab. 2.
The LHC Dark Matter working group has suggested to consider leptonic couplings as well [20] . These should be however at least one order of magnitude smaller than the mediator-quark couplings, to not completely exclude the model. Interestingly couplings to neutrinos would also be present because of gauge invariance requirements; these couplings will supply an additional / E T channel with the consequences of enhancing certain mono-X + / E T signals.
Other studies of the spin-1 DMsimps are for instance [127, 145, 146, 104, 144, 147, 148, 149] . The latter papers in the list already consider a gauge invariant completion of the Z model, instead of the DMsimp Lagangrians in Eqs. (15) and (16) . This issue will be discussed in Sec. 4.
Spin-2 mediator
The material presented in this section is based on these selected Refs. [150, 106, 151] , as they exemplify the main features of a spin-2 mediator in the s-channel as compared with LHC searches and indirect detection searches. The literature on spin-2 mediator is rather reduced with respect to the spin-0 and spin-1 cases. Relevant works are provided by these Refs. [152, 153, 154, 155, 156, 157] .
Even though the exchange of a graviton in the s-channel is not considered in the recommendations of the LHC Dark Matter working group [18] , it entails several features in common with the DMsimp philosophy. It is possible to build a dark matter simplified model out of a gravity-mediated dark matter model proposed in [158] , even though it requires a dedicated validation work, as such model is, in general, not renormalisable. This type of models have as well driven a lot of attention at the time of the 750 GeV excess in the di-photon channel, see e.g. [159, 160, 161] and the references therein.
The definition of the model follows the approach of DMsimps. We consider dark matter particles which interact with the SM particles via an s-channel spin-2 mediator. The interaction Lagrangian of a spin-2 mediator (Y 2 ) with the dark matter (X) is given by [158] :
where Λ is the scale parameter of the theory, g T X is the coupling between Y 2 and the dark matter, and T X µν is the energy-momentum tensor of the dark matter field. The energy-momentum tensors of the dark matter are:
where F µν is the field strength tensor. We consider three dark matter spins: a real scalar (X R ), a Dirac fermion (X D ), and a vector (X V ). The interaction Lagrangian with the SM particles is:
where i denotes the SM fields: the Higgs doublet (H), quarks (q), leptons ( ), and SU(3) C , SU(2) L and U(1) Y gauge bosons (g, W, B). Following [162, 163] , the phenomenological coupling parameters are defined as:
without assuming any UV complete model. Notice that the interaction Lagrangian in Eq. (25) defines couplings of the graviton with all SM fields. This hypothesis is more generic with respect to the standard assumptions of the DMsimps, where the mediator interacts only with the quark sector. The energymomentum tensors of the SM fields are similar to Eqs. (22) and their explicit expression is provided in e.g. [113] .
Complying with the DMsimp idea, it is instructive to consider universal couplings between the spin-2 mediator and the SM particles:
With this simplification, the model has only four independent parameters8, two masses and two couplings, as for the other DMsimps considered so far:
This scenario with a universal coupling to SM particles is realised, e.g., in the original Randall-Sundrum model of localised gravity [164] . With this choice of couplings the mediator decays mainly into gluons and light quarks, while the di-photon branching ratio is only ∼ 5%. The decay into top-quarks or vector bosons is relevant when kinematically allowed. As already discussed in the case of spin-1 mediator, the Y 2 -neutrino coupling leads to / E T signals that are independent of the decays into dark matter particles and provide additional / E T channels for the mono-X signals.
In the following, to exemplify the complementarity of dark matter searches, we will focus on vectorial dark matter.
• LHC / E T searches. The Y 2 production is mostly initiated by gluon fusion at low masses, which suppresses mono-photon, mono-Z and mono-W signals, as they can occur only in quark initiated processes. Hence the most constraining missing energy searches for the spin-2 model are a single mono-jet + / E T (ATLAS [165]) and 2-6 jets + / E T (ATLAS [166] ).
• LHC mediator searches. give strong constraints on the graviton mass in between few hundreds of GeV and several TeV. The considered final states are j j, ll, γγ, W + W − , Z Z, hh, bb, tt.
• Relic density. The dark matter can achieve the correct relic density via the s-channel exchange of a graviton, especially in the region m med ∼ 2m med , and via t-channel annihilation into a pairs of Y 2 , which subsequently decay into SM particles, in the region m DM < m med . Both annihilation channels are s-wave in the case of vectorial dark matter. The analytic expression for these channels are provided in [106].
• Indirect detection. Annihilation via s-channel into SM particles with Y 2 exchange can produce both a continuum photon spectrum and gamma-ray lines. Both signals can be constrained by Fermi-LAT and HESS spectral feature searches at the Galactic Centre and by Fermi-LAT dSph exclusion limits. Additionally the t-channel annihilation process can give rise to box-shaped gamma-ray signatures, see e.g. [77] , which are however only poorly constrained by Fermi-LAT searches for spectral features towards the Galactic Centre [106].
• Direct detection. The WIMP-gluon interaction is relevant for direct searches: this coupling generates a twist-2 operator which induces a spin-independent cross-section dark matter-nucleon. This cross section can be in tension with the XENON1T for dark matter masses below roughly 400 GeV, see [180, 158] for the case of scalar dark matter. However we couldn't find a dedicated analysis illustrating how direct detection impacts the whole DMsimp spin-2 parameter space. The elastic cross section WIMP-nuclei can receive additional contributions in non minimalistic models [106] .
The diagrams for dark matter annihilation are illustrated in Fig. 1 , while the mediator production at the LHC is shown in Fig. 3 .
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At present, to the best of our knowledge, there are actually no comprehensive studies of spin-2 models, which encompass both LHC and dark matter searches, except for [151] . We however refrain from using their results to illustrate the main features of this model, as they perform a random scan of the full parameter space. While this is certainly instructive, it is not necessarily the most optimal pedagogical approach to begin with. For the sake of the discussion, we choose to show 2D parameter scans, even though they do not show the complementarity of searches. Figure 10 , from [150, 106] , resumes the constraints on slices of the DMsimp parameter space stemming from LHC searches for a massive graviton, panel (A), and the dark matter gamma-ray searches, panel (B). From panel (A), we clearly see that the di-photon and the di-lepton resonance searches provide the most stringent limit in the whole mediator mass range, constraining Λ/g SM > 100 TeV for graviton masses below 1 TeV. These searches are rather independent on the exact dark matter mass value. Mono-jets + / E T searches become competitive for large values of g SM and, if the Y 2 decays into γγ and ll, are heavily suppressed. In panel (B), we show the impact of gamma-ray searches. For m DM < m med , the exclusion limits from gamma-ray lines provided by Fermi-LAT disfavour at 95% CL the model parameter space compatible with the thermal relic assumptions, as the dark matter annihilates mainly into gg and γγ. For m DM > m med the thermal relic scenario is compatible with Fermi-LAT dSph upper limits and with the HESS gamma-ray line searches, which are the most sensitive constraints for large dark matter masses.
Fermionic and scalar dark matter particles are more loosely constrained by current gamma-ray searches with respect to vectorial dark matter particles, as σv 0 is suppressed by p-wave or d-wave respectively. LHC constraints are less sensitive to the dark matter spin. The sensitivity to the dark matter particle nature depends on the hierarchy between g DM and g SM : for g DM ∼ g SM only jets + / E T searches can differentiate among the spin of the dark matter candidate; for g SM >> g DM all searches become sensitive to the dark matter nature. It turns out that the vectorial case is the most constrained model, while the scalar DMsimp is the less constrained and the fermionic case lies in between.
t-channel mediator models
In this section we discuss the phenomenology of t-channel DMsimps and their current state of art with respect to the experimental situation. t-channel models couple directly the dark matter sector with the SM fermions (primarily quarks), leading to a different phenomenology with respect to s-channel models. The fields in the dark sector are both odd under a Z 2 symmetry to ensure the stability of the dark matter candidate, while in s-channel models the mediator is usually assumed to be even under the Z 2 symmetry.9 As a consequence, LHC searches are always characterised by / E T signals, as the mediator is produced each time in combination with a dark matter particle. In order to connect the dark matter via t-channel with SM quarks there are two main possibilities: scalar dark matter and fermionic mediator, or fermionic dark matter and scalar mediator. The dark matter cannot have colour charge, hence the mediator has to be coloured. Additionally, to comply to MFV, either the mediator or the dark matter should have a flavour index. Here we assume to be the former case. For uncoloured mediator models see [181] , while for flavoured dark matter we refer to [182, 183, 184] . From the point of view of QCD corrections, the t-channel and s-channel models are very different, as in the former the mediator can be either neutral or coloured, rendering more involved the treatment of NLO corrections. This has not been yet fully investigated in the literature, due to its complexity.
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Among the vast literature on t-channel models, see e.g. [185, 186, 187, 188, 189, 79, 78, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 19, 17, 203, 204, 133, 29, 148, 205, 206, 207] , we choose to present the results obtained in [208] for the case of scalar dark matter and fermionic mediator, which is the most updated analysis at the time of writing. For the case of fermionic dark matter and scalar mediator we discuss the results presented in [181], which is a comprehensive review paper focusing on t-channel simplified models alike the supersymmetric one.
Let us first discuss the case of scalar dark matter candidate S and a vector-like fermionic mediator T. We assume that the dark matter is a SU(2) L singlet, hence it cannot couple at tree level with the weak gauge bosons. Consequently the dark matter hyper-charge is zero, in order to obtain an electrically neutral particle. The dark matter can couple to either right-handed or left-handed SM fermions. Here we assume a couplings with right-handed quarks, in particular only with the third generation. The main reason is dictated by the fact that right-handed couplings to quarks play a major role for the LHC and direct detection phenomenology and the Yukawa of the top is the largest coupling. The mediator T should be a colour triplet, have opposite hyper-charge with respect to the right-handed quarks and be a singlet under SU(2) L . The interaction Lagrangian between WIMPs and the SM quarks is then given by [208] :
where P R is the right-handed chirality projector, and we have neglected the quartic term connecting the dark matter particle with the SM Higgs doublet, in the spirit of DMsimp construction. With these assumptions the model has only three free parameters:
This model considers top-philic dark matter, which might seem more ad hoc than a generic framework where the dark matter couples to all generations. However this is enough to comprehend all the relevant phenomenology, as in the limit m DM > m t , the results are strictly equivalent as for the case in which the dark matter couples to the light quark (or lepton) generations only. Moreover at energies comparable with the top mass, the computation of QCD and bremsstrahlung corrections are much more involved than in the chiral limit, hence it is relevant to have the most general framework where to treat them. We are not providing any detail on this part and refer to [209, 208] the interested reader. Notice that if the dark matter was coupled to all three quark generations with three different vector-like fermionic mediators, MFV requirements would enforce the three mediator masses to be equal, as well as their couplings with WIMPs and quarks.
The dark matter constraints for this model are:
• LHC searches with / E T . There are two types of searches particularly relevant for this model: (i) supersymmetric searches of scalar top partners (LEP [210] and LHC [211, 212] ), recasted to constrain the vector-like fermionic mediator of the model, which is strongly interacting and leads to mainly tt + / E T signals; (ii) the usual dark matter searches characterised by a mono-jet + / E T [165, 213, 214, 215] (actually the most updated mono-j searches do include more than one hard jet). NLO QCD corrections and matching with the parton showers have been taken into account, in order to comply with the state-of-art modelling of the LHC signals for the s-channel case.
• Relic density. There are several annihilation processes contributing to Ω DM h 2 , depending on the model parameter space region. For m DM >> m t the chiral limit is valid and virtual internal bremsstrahlung (VIB) adds a significative contribution to the tree level leading order t-channel diagram, which is helicity suppressed and the first non-zero term depends on v 4 (d-wave). Decreasing m DM just above the top threshold, the tree level t-channel diagram, which is s-wave, is the leading contribution to σv 0 . Below the top mass, loop-induced processes into γγ and gg can play a role (similarly to the spin-0 top-philic dark matter presented in Sec. 3.1.1), while, for m DM m t the off-shell decay t * → W b is relevant. Additionally, if the dark matter and the mediator masses are close in mass (within 10%) co-annihilation between S and T is also relevant, as well as T annihilations.
• Indirect detection. For m DM < m t , annihilation via the loop induced process into pairs of gluons dominates. This leads to a prompt photon spectrum. The γγ final state is subdominant with respect to the gg final state as already discussed in Sec. 3.1.1, however it gives rise to box-shaped gamma-ray signals (the width of the box depends on the mass hierarchy between S and T: if they are quasi degenerate the box is very narrow, otherwise it is a wide box). For m DM ∼ m t , the dominant annihilation channel is the tree level t-channel, SS → tt, which leads to a continuum spectrum of prompt photons, detectable by the Fermi-LAT dSph searches. The same process can be constrained with the anti-proton data released by AMS 02. VIB with the emission of a photon, a gluon or a weak boson, has been demonstrated to be the dominant contribution in the chiral limit (m DM >> m t ), see e.g. [78, 198, 201, 203, 188, 209] . The emission of an additional vector boson lifts the helicity suppression and gives rise to sizeable σv 0 . If S and T are nearly degenerate in mass, the SS → ttγ process dominates the VIB contribution. This photon emission gives rise to a sharp spectral feature, that can be constrained with current gamma-ray line searches. Indeed, the present telescope resolution does not allow to discriminate among the sharp edge due to VIB or a true gamma-ray line [181] . Direct annihilation of the dark matter into photon pairs via box diagram is on the same foot as VIB. On the other hand the annihilation process SS → ttg contributes to the continuum photon spectrum.
• Direct detection. An effective coupling WIMP-gluons generates a spin-independent contribution to the elastic scattering cross section, which is, for m DM < m t , in tension with the XENON1T bound. Conversely for m DM > m t , σ SI n is negligible and below the neutrino background [216] .
The relevant diagrams contributing to all dark matter searches in this DMsimp are shown in Fig 11, while the dependency on the dark matter spin is summarised in Tab. 2.
The results of the comprehensive dark matter study are illustrated in panel (A) of Fig. 12 . Under the assumption that the dark matter is a thermal relic, the complementarity of dark matter searches is clearly shown in the plot. Direct detection experiments probe the region for m DM < m t , while Fermi-LAT, HESS and AMS 02 are sensitive to a mass range from roughly m t up to 500 GeV. This shows that anti-matter constraints can be competitive with gamma-ray searches, modulo the larger astrophysical uncertainties. LEP searches constrain the most lightest values of m DM , while CMS searches cover a parameter space orthogonal to indirect detection. In particular multi-jets + / E T searches loose quickly sensitivity with the increase of the dark matter mass, however the tt + / E T searches are effective in the regime where the decay T → St happens far from threshold. Notice that if the decay channel T → St is closed, the mediator becomes long-lived. This case requires further dedicated studies.
The Majorana dark matter DMsimp exhibits only few differences with respect to the scalar dark matter model presented above. We summarise here the most important. Under the same assumptions made for the fermionic mediator, the interaction Lagrangian with only a single generation of light quark (considering the model in [181] ) is given by: Figure 11 . Schematic of leading order diagrams contributing to all dark matter searches in the t-channel DMsimps with scalar dark matter and fermionic mediator. The diagrams contributing to LHC searches are specifically drawn for the case of the top-philic model discussed in Sec. 3.2 (for generic fermionic mediator the reader is referred to [29] and the references therein). The case of Majorana dark matter and scalar mediator is easily obtained from the above diagrams. For fermionic dark matter there is an additional spin-dependent contribution to the direct detection elastic scattering cross section. MET stands for missing transverse energy. The colour code is as in Fig. 2 .
where now the dark matter field is denoted by X and the mediator byT and q is the light quark, which we assume to be the u flavour for concreteness for the rest of the section. This Majorana model is very close to the simplified model considered in supersymmetric searches at the LHC, as it is implemented in the Minimal Supersymmetric Model with only light quarks and the neutralino, except that the coupling y is not fixed at the weak scale but can be varied freely.
• LHC searches with / E T . As for the fermionic dark matter case, the most stringent searches are given by jets + / E T and mono-jet + / E T . The first arises from the direct production of the coloured mediator that further decays into the dark matter and light quarks. The latter stems from the loop-induced production of a dark matter pair that recoils against a jet.
• Relic density. The annihilation processes contributing to the dark matter relic density are analogous to the case of scalar dark matter in the chiral limit. In this limit, the X X → u R u R process is p-wave suppressed.
• Indirect detection. This is completely analogous to the scalar dark matter case in the chiral limit, except that the t-channel tree level annihilation diagram is still helicity suppressed and the first non zero term in the chiral limit is p-wave. The authors in [181] consider as well the exclusion limits on σ SD p stemming from IceCube. The vector boson generating the neutrino flux from the Sun arises from VIB: X X → u R u R V and subsequently V = W, Z, h shower and hadronise and produce a continuum spectrum for the neutrinos. The IceCube bounds are less performant that direct detection searches to constrain the model parameter space, hence are not shown in the following.
• Direct detection. With respect to the diagrams shown in Fig. 11 , the elastic cross section off nucleus receives an additional contribution from the s-channel exchange ofT, which is not present in the scalar dark matter case. There is a small contribution from the spin-independent operator, while the leading contributions to the elastic cross section are proportional to a combination of O NR 4 , O NR 8 and O NR 9 , which are spin-dependent operators. Still the most constraining bounds on the model come from spin-independent limits from the LUX experiment, as these are orders of magnitude more sensitive than the spin-dependent upper bounds.
The results of the comprehensive dark matter study are illustrated in panel (B) of Fig. 12 . The picture is rather similar to the case of scalar dark matter, assuming a thermal dark matter scenario. Constraints from jets + / E T are relevant for large mass splitting between X andT, because after its production the mediator has a larger phase space for its decay into the dark matter and the light quark, leading to harder jets. Direct detection is sensitive to smaller mass splitting, while mono-jet + / E T searches are sensitive to the quasi degenerate region. Gamma rays probe the model parameter space in the intermediate m DM mass range.
The Dirac dark matter DMsimp is different from the Majorana case reported above, as far as it concerns the dark matter studies. The elastic scattering cross section is dominated by spin-independent because of the contribution from vectorial currents, which are null in case of Majorana fermions. Hence, thermal Dirac dark matter models get strongly constrained by current direct detection experiments, which combined with LHC searches, completely disfavour the thermal hypothesis for such model, see [29] for details.
As a concluding remark, in general a coloured t-channel mediator scenario will be probed to a large extent by next generation experiments, assuming thermal dark matter production and perturbativity of the coupling.
CAVEATS OF DARK MATTER SIMPLIFIED MODELS
DMsimps represent an improvement with respect to the use of EFT for collider dark matter searches during LHC Run 1. However most of them are still considered not the ideal benchmark models over which categorise the dark matter searches and their complementarity. The main reason of concern is C. Arina Constraining dark matter simplified models related to the fact that most of the DMsimps are not gauge invariant, thus not renormalisable, see e.g. [218, 28, 202, 219, 220, 221, 149] . The most striking example is provided by the spin-1 mediator with axial-vector couplings to fermions. The interaction Lagrangians provided in Sec. 3.1.2 are not gauge invariant unless a dark Higgs is introduced to give mass to the Z mediator, and hence to unitarise its longitudinal component. As a consequence, the most minimalistic self consistent model would feature two mediators, an additional scalar along with the Z . The presence of a second mediator would change the phenomenology of the model, which is not anymore well described by the single mediator assumption.
The s-channel scalar mediator case is not gauge invariant unless Y 0 mixes with the Higgs boson, because the dark matter is a singlet under the SM gauge symmetries, see e.g. [222, 223, 224, 225, 226, 227, 228, 229] . The mixing with the Higgs boson introduces a major modification in the building of the next generation of DMsimps, as the model parameter space then becomes constrained by measurements of the Higgs properties. This has motivated two types of scenarios: (i) models that communicate with the SM via the Higgs portal through the mixing parameters, or even models for which the scalar mediator is the Higgs itself; (ii) to avoid the tight constraints stemming from Higgs physics, Y 0 mixes with an additional doublet similarly to a two Higgs doublet model. Likewise, pseudo-scalar DMsimps [230] can be made theoretically consistent by promoting them to double mediator models. Two Higgs doublet models are well motivated theoretically, arising in several UV complete models such as supersymmetry, or other extensions of the SM, see e.g. [231, 232, 233, 234, 235, 236] and the references therein.
We will not discuss more in details here these issues and the proposed solutions. There is already a quite vast literature along the lines of the two Higgs doublet models and Higgs portals. The interested reader is referred to e.g. [32, 29, 237, 18, 238, 239, 240, 241, 242] .
FUTURE PROSPECTS
The focus of this review has been to describe the state-of-art of dark matter simplified models, as defined by the LHC Dark Matter Working group, with respect to the current dark matter searches. In particular we have discussed the degree of complementarity of LHC searches (mono-jet + / E T , jets + / E T , resonance searches), dark matter direct and indirect detection searches (gamma-ray, anti-matter and neutrino searches) in several scenarios: s-channel mediator with spin-0 and spin-1 and Dirac dark matter, s-channel mediator with spin-2 and vectorial dark matter, t-channel mediator with either scalar dark matter and fermionic mediator or vice-versa.
DMsimps provide a simple framework where to define, categorise and compare dark matter searches. These comprehensive analyses are a powerful tool to understand the dynamic underlying the various dark matter searches, modulo their interpretation being subject to the caveats described in the previous section. Keeping in mind the main assumption that the dark matter and the mediator are the only particles of the dark sector accessible at current experiments, we can formulate few general statements from the global analyses presented in this review.
• LHC searches for dark matter with mono-X and missing energy, direct dark matter searches and indirect dark matter searches in general probe regions of the model parameter space which are complementary to each other. Typically indirect searches extend to heavier dark matter masses with respect to LHC and direct detection. Direct detection has better sensitivity than LHC searches in the intermediate dark matter mass range, while LHC performs better in the small dark matter range, where however the dark matter is often not viable as thermal relic (it is either over-abundant or under-abundant, depending on the model). The relic density constraint can be avoided by assuming for instance a non thermal dark matter scenario. Because of the complementarity of searches, for instance a non-detection in direct detection does not preclude a positive detection at the LHC or at gamma-ray telescopes.
• Some models are already disfavoured as thermal relic by the combination of LHC and direct detection searches (see t-channel model with Dirac dark matter or s-channel spin-1 with Majorana dark matter). By reversing the argument, we can assert that if a signal is seen in the mono-X + / E T searches, the thermal dark matter hypothesis is under test. This can be solved: (i) by invoking a more complex dark sector, where co-annihilation and new annihilation channels can open up the thermal relic parameter space; (ii) dark matter is produced via additional non-thermal mechanisms to dilute/increase its relic abundance down/up to the observed value.
• In case of a positive signal at the LHC in a SM + / E T channel, the identification of the dark matter is non-trivial, conversely to the characterisation of the mediator. Luckily all dark matter searches, even though they feature a certain degree of complementarity, also probe common regions of the parameter space. In an optimistic scenario, a signal can be detected in multiple experiments allowing to pin point both the nature of the dark matter and the characteristics of the model.
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• The spin-2 mediator model has been poorly investigated so far and deserves future careful comprehensive analyses.
It is crucial to keep continuing looking for dark matter with a comprehensive approach relying in simplified bottom-up scenarios. Some theoretical shrewdnesses are in place. The use of gauge invariant models certainly constitutes a must, however theoretical predictions can be improved along other directions, which are often neglected. For instance, the wide separation of scales involved in constraining WIMP models, from the LHC to indirect detection and to direct detection, is often neglected. The authors in [243] have shown that the running of EFT operators from the mediator mass scale to the nuclear scales probed by direct searches via one-loop Renormalisation Group Equations (RGEs) has an impact for models that would in generally not be constrained by direct detection searches because suppressed by the momentum transfer or by the WIMP velocity. These models can be excluded as a consequence of spin-independent couplings induced by SM loops.
Experimentally, the close future is quite promising as there is a rich program expected to start soon and produce results in the next decade or so. Concerning the future of direct detection, starting from 2019, there are several experiments planned able to probe WIMP-nucleon cross section of the order of the neutrino floor (σ SI n ∼ 10 −48 cm 2 for m DM ∼ 30 GeV), see XENONnT [244] , LZ [245] and DARWIN [246] . At low WIMP mass, around 3-4 GeV, exciting progresses are expected by SuperCDMS SNOLAB [247] , by CRESST III [248] and by EDELWEISS-III [249] , which can probe elastic spin-independent cross sections as low as 10 −44 cm 2 . Concerning indirect detection, the Cherenkov Telescope Array (CTA) [250] is one of the major advancements in the gamma-ray searches as it will be sensitive to the energy range in between 20 GeV to 300 TeV. Starting from 2022, while operating, it will provide unprecedented complementary results to direct detection and LHC searches, as it will be sensitive to dark matter masses up to 100 TeV. These future probes, together with the LHC Run 3 foreseen for 2021, can vastly extend the coverage of the dark matter parameter space of simplified models, see e.g. Refs. [251, 252, 253] . The t-channel model parameter space, under the hypothesis of thermal dark matter, will be for instance almost entirely probed.
Lastly, the Sun has been recently proposed as target to constrain a specific class of DMsimps, in which the mediator is light (MeV range) and long-lived [97, 254] . LHC searches are insensitive to this type of mediators, which can however be observed in gamma rays. The Sun is opaque to all dark matter annihilation products but neutrinos and the neutral and weakly interacting mediators (the mechanism that produces the mediators inside the Sun is the same as for the neutrino signal). If these mediators are long-lived enough to decay outside the Sun, they could lead to characteristic gamma-ray signatures detectable within 10 years of Fermi-LAT mission, and in one year of full exposure of ground water Cherenkov telescopes (HAWC [255] and LHAASO [256, 257] ). Models with long-lived MeV mediators are actually very constrained by beam dump experiments and cosmology [97] . Their entire parameter space can be probed by next generation of intensity experiments, such as NA62 [258] and SHiP [259] . Hence dark matter simplified models not only serve as benchmark for high-energy studies but they can be exploited as a bridge relying the high-energy frontiers with the intensity frontiers.
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